ABSTRACT The effect of DL-methionine and betaine supplementation on growth performance of 2,400 male broilers in the age period of 1 to 38 d, and on carcass composition of a subsample of 384 birds was examined. Three dose levels of DL-methionine (0, 0.05, and 0.10%) and two doses of betaine (0 and 0.04%) were supplemented in different combinations to methioninedeficient diets. Two types of diets were fed as starters and growers: either corn-soybean diets or practical diets typical for the Dutch broiler industry. All diets were fortified with 220 ppm choline in order to avoid a deficiency in methyl groups.
INTRODUCTION
Methionine is an essential nutrient for poultry. In addition, this amino acid may provide methyl groups, which are needed for several metabolic reactions such as the synthesis of carnithine and creatine. It is well established that choline may also act as a methyl group donor. Some authors reported a methionine sparing effect of choline (Pesti et al., 1981; Baker et al., 1983) in this function. Before choline can act as a methyl group donor it needs to be converted to betaine in the mitochondrion. In a study of Baker and Czarnecki (1985) betaine, and not choline, showed some efficacy in enhancing the conversion of homocysteine to methionine. In addition, some studies indicated that feed efficiency was more improved by betaine than by choline (Abel et al., 1985) , although others did not (Lowry et al., 1987) . Literature about the methionine sparing effect of betaine is scarce. Some reports gave evidence that betaine might have a methionine sparing effect in broiler diets (Virtanen and Rossi, 1995) and laying hens (Abel et al., 1985) , but others did not find a methionine sparing effect in pigs (Alaviuhkola and Suomi, 1991) . More recently, the sensitivity of breast meat yield in broilers to dietary methionine has repeatedly been demonstrated (Huyghebaert et al., 1994; Schutte and Pack, 1995) . It is not clear whether betaine might also be capable of sparing methionine in this respect. Besides a possible methionine sparing effect, betaine may also interact with the lipid metabolism by stimulating the oxidative catabolism of fatty acids via its role in carnithine synthesis, thus offering a potential for reduced carcass fatness in commercial production. In order to obtain more information about the methionine sparing effect of betaine, a growth study was carried out with broilers by using either corn-soybean diets or practical European diets.
MATERIALS AND METHODS

Experimental Design
Two types of diets (practical Dutch diet and cornsoybean diet) were combined with three dosages of DLmethionine (0, 0.05, and 0.10%) and two dosages of betaine (0 and 0.04%). The addition of 0.04% betaine is equimolar to 0.05% DL-methionine according to the ratio of the molecular weights of 121:149. The experimental period was subdivided into starter (0 to 21 d) and grower (21 to 38 d) periods. The composition of the basal diets and the calculated contents of nutrients are presented in Table 1 . The practical diet was based on compositions used in the Feeding (1994) . From 3 wk of age onwards the basal diets contained 1.02% apparent fecal digestible lysine and 0.55% apparent fecal digestible SAA.
The analyzed contents of amino acids in the basal diets agreed well with the calculated contents of amino acids. The total SAA content in the starter diets was analyzed to be 0.72% (practical diet) or 0.75% (corn-soybean diet), and in the grower diets to be 0.61% (practical diet) or 0.64% (corn-soybean diet). The diets used in the age period of 0 to 21 d were supplemented with an antibiotic (avoparcin) and a coccidiostat (nicarbazin). In the age period of 21 to 38 d, the coccidiostat was omitted from the diets. The ingredients used were of a single batch in order to minimize differences in composition among the mixing batches. The experimental diets were mixed for each type of basal diet as one batch for the respective groups. The experimental diets were then prepared by splitting up this batch in subcharges, to which the required amounts of DLmethionine or betaine were added, and mixed. Next, the experimental diets were pelleted (2.5 mm) without steam addition. The pelleting temperature, measured at the moment the pellets left the press, was approximately 65 C. The diets were consumed ad libitum. The animals had free access to water via an automatic device.
The chicks were housed in litter floored pens (4.3 m 2 ), situated in an insulated broiler house with concrete floors. The broiler house consisted of two compartments (A and B) of 24 pens each. A total of 2,400 male day-old chicks of a commercial broiler cross (Ross) was divided at random among the 48 floor pens. Each treatment group comprised 200 male birds, subdivided into four replicates (pens) of 50 birds each; two pens were situated in Compartment A and two in Compartment B. Each pen contained an automatic water supplier (water container with a length of 67 cm) and a feed hopper (45 cm diameter). As a result, the net floor space per pen was approximately 3.3 m 2 . The bedding consisted of wood shavings of 2 to 2.5 cm length. The broiler unit was illuminated 24 h/d. During the experimental period, the light intensity was gradually reduced. The temperature in the broiler unit was gradually reduced from 28 C during the 1st wk to 21 C during the last days of the experiment. The relative humidity in the broiler unit during the 1st wk was approximately 55% and increased gradually to 70% at the end of the experimental period. The birds were vaccinated against Newcastle disease at 1 and 14 d of age. At the end of the trial, birds were weighed individually and feed intake of each pen was recorded. After termination of the growth trial, at an age of 39 d, 48 birds (12 birds per pen) of each group (with and without supplementation of 0.05% DL-methionine, 0.04% betaine, and 0.05% DL-methionine + 0.04% betaine) were selected at random and slaughtered. Each of these birds was deprived of feed for 10 h, and individually weighed just prior to slaughter. The birds were slaughtered and cut into parts by a trained team according to a standardized procedure (Uijttenboogaart and Gerrits, 1982) .
Statistical Analysis
The trial was conducted as a randomized block with a 2 × 3 × 2 factorial arrangement of treatments with four replicates per treatment. The pen mean was used as the experimental unit. The results of the experiments were analyzed by ANOVA (Cochran and Cox, 1957) using the computer program SPSS/PC+V5.0 (Norusis, 1992) . The carcass yield data were analyzed as a 2 × 2 × 2 factorial arrangement of treatments. Statistical significance of differences between treatment means was determined with the least significant difference (LSD) test (Snedecor and Cochran, 1980) . All statements of significance are based on a probability of less than 0.05.
RESULTS AND DISCUSSION
Results for body weight, feed conversion efficiency, and daily feed intake after an experimental period of 38 d are presented in Table 2 . Methionine addition to both diets significantly improved weight gain and feed conversion efficiency. Supplementation of the basal diets with 0.04% betaine did not significantly effect weight gain. Feed conversion efficiency was significantly improved with an addition of 0.04% betaine to the practical diet, but was not improved with the corn-soybean diet. By combining the results on both diets, the improvement in feed conversion efficiency by a dietary supplement of 0.04% betaine was not significant (P = 0.10). Betaine supplementation to the diets already containing 0.05 or 0.10% added DL-methionine had no significant effect on weight gain and feed conversion efficiency. This result agrees with those of Saunderson and McKinlay (1990) , which show no difference in body weight between broilers fed with DL-methioninesupplemented and DL-methionine + betainesupplemented diets. Pesti et al. (1979 Pesti et al. ( , 1981 showed in different experiments equal or inferior effects of 0.23% betaine on bird performance in comparison with 0.23% DL-methionine supplementation. However, Virtanen and Rosi (1995) suggested that betaine was more effective than DL-methionine, especially for broilers under a coccidiosis challenge (Virtanen et al., 1993) . The growth and feed conversion responses to dietary SAA in the experiment of Virtanen and Rosi (1995) , however, were relatively small, so it is difficult to evaluate the methionine sparing effect of betaine from these data. Moreover, Matthews et al. (1995) reported an improved growth by supplementation of 1% betaine in chicks infected with Eimeria acervulina, whereas betaine did not improve daily weight gain in uninfected broilers. These data together with the most recent data of Remus et al. (1995) , reporting positive effects of 0.15% betaine addition in coccidiosis-challenged birds, may indicate that earlier studies comparing effects of betaine and DLmethionine were complicated by interactions with disease effects. The latter study also suggests some positive interaction of betaine with dietary ionophores, which may be of practical interest, but is not related to the question of a methionine sparing effect. In the present study, there was no coccidiostat included in the grower diets, but even though the birds were kept on the floor, no signs of coccidiosis were apparent. Mortality was low (1.2% on average with no treatment effect), and flock health was monitored carefully. Therefore, potential positive effects of betaine under a coccidiosis challenge did not play a role in the present experiment.
Taking the results of the present growth study, no clear indication was obtained that betaine has the potential to spare the added DL-methionine in broiler diets. If betaine had some potential to partially spare methionine, it would only appear to work in a situation of severe methionine deficiency, and even then betaine appears to be less efficient than methionine.
Carcass composition data are presented in Table 3 . DL-Methionine, when added at 0.05% to the basal diets, caused a significantly higher percentage of oven-ready and breast meat yield in broilers fed both types of diets. Betaine supplementation alone or in addition to 0.05% DL-methionine resulted in a slight, but nonsignificant increase in breast meat yield. This observation is in contrast to the data of Virtanen and Rosi (1995) , who reported betaine to be more efficient than DLmethionine in supporting breast meat yield. However, because their results did not indicate a positive effect of DL-methionine on breast meat under the conditions of their experiment, this conclusion appears questionable. From the present data, which indicate a distinct response to added DL-methionine, it would appear that betaine may have some positive effect on breast meat yield but that betaine is not an effective replacer of DLmethionine, which enhanced breast meat yield by about 1.5 percentage points from a dietary addition of 0.05% in both diets. Numerical increases in breast meat yield due to betaine addition occurred in all four cases in which betaine was supplemented, but was significant only in one case (Treatment 4 vs 1). Thus, it remains unclear whether or not betaine is effective in enhancing breast meat yield of broilers. In any case, the effects were in a range of 0.3 to 0.6 percentage points, much less than the effects resulting from equimolar addition of DLmethionine, in agreement with the growth data. Relative to carcass fatness, there was no consistent effect of either DL-methionine or betaine on abdominal fat deposition. This result contrasts with earlier studies in which both additives were reported to decrease fat deposition (Saunderson and McKinlay 1990; Huyghebaert et al. 1994; Jeroch and Pack 1995; Schutte and Pack 1995; Virtanen and Rosi 1995) . To some degree, this may be due to the fact that the basal diets were clearly deficient in SAA, so that added DL-methionine increased growth and feed intake, consequently yielding heavier carcasses with some tendency for greater fatness. Given the limited sample size of 48 birds, it would have been difficult to detect small treatment effects on a highly variable parameter such as abdominal fat portion.
In conclusion, the present data do not support the hypothesis that betaine may be an effective replacer of DL-methionine in broiler diets. Under the conditions of this experiment, with diets that allowed consistent responses to dietary SAA level and adequately supplemented with choline as a source of methyl groups, betaine did not spare DL-methionine in its function as an essential amino acid. The type of diet (corn-soybean or mixed practical diet) did not affect this observation.
